Introduction: The aim of this study was to evaluate, under scanning electronic microscopy, the morphological aspect of apical foramen after root canal instrumentation with rotary and reciprocating kinematics at 2 different working length determinations. Methodology: Sixty mesiobuccal roots of mandibular and maxillary molars presenting with curvature ranging from 30 to 65 were used in this study. The roots were initially scanned with a scanning electronic microscope under Â50 magnification. Roots were divided into 2 different groups (n = 30): group 1 instrumented with rotary kinematics, and group 2 instrumented with reciprocating kinematics. Both groups were instrumented at 2 different working lengths: at the apex and 1 mm beyond the apex. The roots were scanned after the instrumentation at the apex and again after further instrumentation 1 mm beyond the apex. The photomicrographs obtained were assigned to 3 independent evaluators for foraminal deformation assessment through comparison with baseline images. Evaluators were masked with regard to the kinematics and working length used. The Pearson correlation test and Kruskal-Wallis test (method of Dunn) were used for statistical analysis (P < .05). Results: The Pearson Correlation test showed good agreement among evaluators. Foraminal deformation was observed in instrumentation at the apex and 1 mm beyond the apex with both kinematics (P < .05). Conclusions: Within the limitations of this study, it can be concluded that root canal instrumentation at the apex or 1 mm beyond the apex promoted deformation of the major foramen, regardless of the kinematics. (J Endod 2018;44:145-148) 
W orking length (WL) determination is a crucial point in root canal treatment, because it determines the point at which the root canal will be instrumented (1) . Instrumentation short of a proper WL might leave infected tissue, leading to endodontic failure, whereas instrumentation beyond this point might traumatize periodontal tissue and result in overfilling (2) . In preparation length and size, it has been demonstrated that larger apical preparation decreases bacterial load (3) and improves clinical outcomes (4), whereas root canal filling within 0 to 2 mm of the apex increases the rate of periapical healing (5) .
Apical patency is maintained when a small file passes through the apex, keeping it free of debris (6) . Foraminal enlargement (FE) is achieved with a larger instrument aiming the instrumentation of the apical foramen; it has been suggested that FE is an important step in endodontic therapy of necrotic teeth (7) . Indeed, when the root canal is instrumented beyond the major foramen, the enlargement achieved might improve bacterial removal and enhance irrigation. Previous studies, with both hand-and engine-driven root canal instrumentation, have shown that this step is not responsible for increasing pain perception (8) (9) (10) .
Some studies have related root canal instrumentation beyond the major foramen to microcrack creation (11), sealer extrusion (2), and foraminal deformation (12) . This foraminal transportation might lead to unsatisfactory root canal filling because a deviation larger than 300 mm of the major foramen has been associated with a reduced quality of outcomes in root canal filling (13) .
Single-file reciprocating systems have been introduced, aiming to decrease the number of instruments needed for root canal preparation (14) and diminishing the time required for root canal shaping while maintaining the original curvature (15) . A recent study assessed the effect of FE by using rotary nickeltitanium (NiTi) instruments (16) . However, the effect of the instrumentation beyond the apex with reciprocating systems on the foramen morphology is still unclear.
Thus, the aim of the present study was to evaluate the deformation of the major foramen of curved mesiobuccal roots with both reciprocating and rotary systems, using 2 different WLs.
Materials and Methods
This study was submitted to and approved by the institutional review board of our institution (#2012/0525 and #2012/0526). Sixty mesiobuccal roots of mandibular and maxillary molars were used in this study. After decoronation with diamond burs and standardization with digital caliper at 11 mm, the roots were radiographed from the buccolingual and mesio-disto direction to evaluate the root canal curvature, following the Pruet et al method (17) . The inclusion criteria were roots presenting with curvature ranging from 30 to 65 and radius of curvature ranging from 2 to 6 mm, mature apices, foraminal patency, and independent foramina.
Sample size was estimated in 29 specimens based on analysis of variance, considering a minimum difference between the mean of treatments of 0.03, standard deviation error 0.035, number of treatments 4, statistical power 0.80, and a = 0.05. Therefore, 30 specimens were selected for each group.
The location of the major foramen was assessed with a size 8 K-file under Â12 magnification by using a dental operating microscope. The measurement was recorded when the tip of the instrument was visible through the apex. Rubber stops were placed to stabilize the WL measurement.
The specimens were placed in customized plastic cylinders filled with acrylic resin used to stabilize the roots in position. The cylinders were adapted to aluminum stubs. Pencil marks were done in both cylinder and stub to allow its repositioning in the same position for the consecutive scanning. Roots were maintained in these cylinders during the instrumentation, a hole in the coronal portion allowed the instrumentation, and a hole in the apical portion prevented the accumulation of irrigant solution.
The specimens were gold sputtered (SCD-050; Oerlikon Balzers, Balzers, Liechtenstein) as the initial procedure for scanning electron microscope (SEM) examination. Baseline images of the specimens were obtained with an SEM (LEO Electron, Cambridge, United Kingdom) under Â50 magnification and 20.00 kV. After the images were obtained, the specimens were gently brushed with an extra-soft toothbrush for the removal of gold coat, and followed for root canal instrumentation. The same number of mandibular and maxillary roots was randomly assigned to 2 different groups: group 1 rotary kinematics, and group 2 reciprocating kinematics.
Group 1 was instrumented with the NiTi rotary ProTaper Universal (PTU; Dentsply Maillefer, Ballaigues, Switzerland) instruments. Instruments SX and S1 at 300 rpm and 3N were used for shaping cervical and middle thirds. A size 10 k-file was used to determine the WL at the apex under Â12 magnification. Subsequently, instrument SX was used for cervical preparation and the S1, S2, F1, and F2 instruments were used for the apical preparation at WL, following manufacturer's guidelines. For all specimens, the final preparation was done with the F2 (25.08) instrument. All procedures were done using 2.5% NaOCl as irrigant, which was delivered using a 31-G needle (Ultradent, South Jordan, UT) and a 20-mL plastic syringe and aspirated with a capillary vacuum cleaner tip (Ultradent); 2 mL was used between instruments, and 40 mL was established as the standard volume.
Group 2 was instrumented with the WaveOne Primary (Dentsply Maillefer) instrument by using reciprocating kinematics. Initially, a glide path was created with the PathFile (Dentsply Maillefer) #1, 2, and 3 instruments at 1.2 N and 300 rpm. Using 3 in-and-out motions with amplitude of 3 to 4 mm and slight apical pressure, the instrument was initially used for cervical and middle-thirds preparations. Then, as done in the rotary group, a size 10 k-file was used to determine the WL at the apex under Â12 magnification. Then the WaveOne instrument was used in the same fashion until the WL was reached. After each 3 sections of in-and-out movements, 2 mL 2.5% NaOCl was used for irrigation. The final volume of solution was 40 mL.
After the first stage of preparation, at the apex, both groups were again scanned with the SEM following the same procedures as previously described. The stub was used to keep the specimens in the same position, allowing the visualization of the apex through the same angle.
The second stage of preparations was done 1 mm beyond the apex. Before the instrumentation, the specimens were gently brushed for the removal of the gold coating. For the rotary group, the F2 instrument was used under 2.5% NaOCl irrigation with the same speed and torque used in the first stage. Likewise, for the reciprocating group, the WaveOne Primary instrument under 2.5% NaOCl irrigation was used 1 mm beyond the apex. For both groups, the instruments were removed from the root canal as soon as the WL was reached. This procedure was applied for instrumentation at the major foramen and 1 mm beyond it. Each instrument was used in 3 root canals and then discarded.
SEM images, following the same procedures done at the baseline and after first stage of preparation, were then obtained for the 60 specimens under Â50 magnification.
Overall, 180 photomicrographs were obtained for the 60 specimens: 60 for the baseline, 60 for the instrumentation at the apex, and 60 for the instrumentation beyond the apex. The images, which were masked for the kinematics and WL used for instrumentation, were then assigned to 3 experienced endodontists for evaluation. The evaluators were asked to record in a spreadsheet whether any sign of deformation of the foramen was observed based on the original baseline image. A score of 1 was given for the specimens, presenting no deformation and a score of 2 for specimens presenting with deformation. 
Basic Research-Technology
The Pearson correlation test was used to assess agreement among evaluators. The scores given by the 2 evaluators with greater level of agreement were used; in case of disagreement between these 2, the score of the third evaluator was applied. Kruskal-Wallis (method of Dunn) was used for differences between groups at different WLs (P < .05).
Results
The Pearson correlation test showed good agreement among the evaluators (Table 1) . Both kinematics promoted deformation at the major foramen regardless of WL established (Table 2) .
Discussion
FE has been claimed to improve disinfection at the apical third, cleaning the cemental foramen, thus enhancing healing of necrotic teeth (18) . This study aimed to evaluate the role of foraminal preparation with different kinematics on apical morphology. This was achieved by comparing the photomicrographs obtained after preparation with baseline images. Zanette et al (19) showed that, using PTU, larger preparation sizes led to greater apical deviation. In this study, the similar cross-section of PTU and WaveOne instruments, both having size #25 tip diameter, and similar 0.08 instrument tapers helped to ensure close similarity between the experimental groups. By doing so, the role of kinematics at major foramen deformation could be assessed, diminishing confounding variables.
Despite the risk of not cleaning the entire root canal system, preparations 1 mm short of the apex are largely used. A recent study showed that preparation of curved canals was not related to apical transportation with hand, rotary, and reciprocating instruments when the WL 1 mm short of the apex was established (20) . This study also assessed curved roots of molars instrumented with files with similar tip and taper to the present study. In the present study, both WL instrumentations promoted major foramen deformation (Figs. 1 and 2 ). It seems that instrumentation 1 mm short of the apex can maintain foraminal morphology while instrumentation at or beyond the apex promotes major foramen deformation. Indeed, the present results are in agreement with previous studies that assessed apical transportation in curved canals instrumented 0.5 mm beyond the apex (16, 21) ; the different rotary NiTi instruments evaluated by Hu et al (16) and Gonzalez Sanchez et al (21) led to foraminal deformation when compared with initial images.
Silva et al (12) assessed foraminal deformation in straight palatal root canals of maxillary molars instrumented with the K3 rotary system with taper 0.06 (Sybron Endo, Orange, CA). The results of this study showed that instrumentation 1 mm beyond the apex led to more foraminal deformation than instrumentation at the apex, and both instrumentations created deformation. The findings of the present study are partially in agreement with Silva et al (12) ; however, our evaluation model only registered whether a deformation occurred, which is different from Silva et al (12) , who also assessed the level of deformation. It is important to emphasize that the present study used standard preparation size (25.08) for the preparations in curved canals, whereas Silva et al (12) instrumented the straight canals up to 3 sizes larger than the first file that bound at WL. In addition, differences in cross-sections of the instruments, triple helix for K3 and triangular for PTU, might explain these discrepancies.
Different studies demonstrated that, when instrumented 1 mm short of the apex, WaveOne can maintain root canal curvature similar to the ProTaper System (22, 23) . On the other hand, the results of the present study indicated that both systems resulted in apical deformation. Although different rotary and reciprocating instruments seem to be able to maintain curvature (23) , the present study showed that instrumentation beyond the apex affected foraminal morphology. Therefore, WL determination appears to be more relevant to maintain foraminal morphology than the kinematics applied.
The results of the present study suggest that instrumentation at the apex or 1 mm beyond the apex promoted major foramen deformation when compared with baseline images, regardless of the kinematics. However, findings of an in vitro study should be carefully evaluated before being clinically considered. Further studies evaluating the influence of FE on cleaning efficacy and root canal filling ability are suggested. Moreover, clinical studies are paramount to assess outcomes of treatments performed with instrumentation beyond the apex.
Conclusion
Within the limitations of this study, it can be concluded that root canal instrumentation at the apex or 1 mm beyond the apex promoted deformation of the major foramen regardless of the kinematics.
